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(57)Abstract: 

PURPOSE: To enable a gallium nitride compound semiconductor light emitting element to be 
lessened in forward potential and improved in emission efficiency by a method wherein a P-type 
GaN contact layer is formed on a specific Mg- doped clad layer. 

CONSTITUTION: A buffer layer 2 is grown on a sapphire substrate 1, and then an Si-doped N- 
type GaN layer 3 is made to grow thereon. Thereafter, an Si- doped Ga0.86AI0.14N layer is 
grown as an N-type clad layer 4, and furthermore an Si-doped In0.01Ga0.99N layer is grown as 
an N-type active layer 5. Then, an Mg-doped P-type GaN layer is grown as a P-type contact 
layer 6. Thereafter, the substrate 1 is taken out of a reaction oven and annealed to lessen a P- 
type GaAl layer 6 and a P-type GaN contact layer 7 in resistance. The wafer obtained as above 
is etched to make the N-type GaN layer 3 exposed, an Au electrode 8 is provided to the P-type 
GaN contact layer 7, an Al electrode 9 is provided onto the N-type GaN layer 3, and then the 
wafer is annealed again and then cut into chips. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The gallium nitride system compound semiconductor light emitting device characterized by providing the p mold GaN contact layer by which 
Mg was doped as a layer by which an electrode should be formed in the gallium nitride system compound semiconductor light emitting device of the 
double hetero structure of having p-n junction, on the p mold Ga1-XAIXN (however. X 0< X<0.5) cladding layer by which Mg was doped. 
[Claim 2] The thickness of said p mold Ga1-XAIXN cladding layer is a gallium nitride system compound semiconductor light emitting device according 
to claim 1 characterized by being 10A or more and 0.2 micrometers or less. 

[Claim 3] The thickness of said p mold GaN contact layer is a gallium nitride system compound semiconductor light emitting device according to claim 
1 characterized by being 10A or more and 0.5 micrometers or less. 

[Claim 4] On n mold gallium nitride system compound semiconductor layer, an n mold Ga1-YAIYN cladding layer (however. Y 0< Y<1), The gallium 
nitride system compound semiconductor light emitting device according to claim 1 characterized by carrying out the laminating of the n mold InZGat- 
ZN barrier layer (however. Z 0< Z<1) to order, and carrying out the laminating of said p mold Ga1-XAIXN cladding layer on the n mold InZGa1-ZN 
barrier layer. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the light emitting device which used the gallium nitride system compound semiconductor, especially its 
forward voltage (Vf) is low and it relates to a gallium nitride system compound semiconductor light emitting device with a still higher radiant power 
output. 
[0002] 

[Description of the Prior Art] Since gallium nitride system compound semiconductors, such as GaN, GaAIN. InGaN, and InAIGaN, have direct transition 
and a band gap changes to 1.95eV - 6eV ( promising ** of light emitting diode, the laser diode, etc. is carried out as an ingredient of a light emitting 
device, to the light emitting device using current and this ingredient, p mold dopant was doped on n mold gallium nitride system compound 
semiconductor — high — the so-called blue light emitting diode of the metal-insulator-semiconductor structure which carried out the laminating of 
the gallium nitride system compound semiconductor of i mold [ **** ] is known. 

[0003] Generally, the light emitting device of metal-insulator-semiconductor structure had the very low radiant power output, and it was still 
inadequate for putting in practical use. high — i mold [ **** ] — low — it considers as p mold [ **** ] and the technique which carries out electron 
beam irradiation to i mold gallium nitride system compound semiconductor layer is indicated in JP.3-218325.A as a technique for realizing the light 
emitting device of the p-n junction which raised the radiant power output, moreover, the thing which we do above 400 degrees C by Japanese Patent 
Application No. No. 357046 [ three to ] for annealing of the i mold gallium nitride system compound semiconductor layer — low — the technique used 
as p mold [ **** ] was proposed. 

[0004] As a light emitting device using the gallium nitride system compound semiconductor of p-n junction, in JP,4-242985,A. the laser component of 
terrorism structure is proposed to double, and the light emitting diode of terrorism structure is proposed by JP.4-209577.A to the double which makes 
InGaAIN a luminous layer. 
[0005] 

[Problem(s) to be Solved by the Invention] It is known that the semi-conductor light emitting device of p-n junction has [ the terrorism structure ] a 
radiant power output larger than gay structure to double, and pass through a laser component at least, and it will be unrealizable if it is not terrorism 
structure. However, according to factors, such as a class of gallium nitride system compound semiconductor used, and a presentation ratio, when the 
gallium nitride system compound semiconductor light emitting device of double hetero structure is realized, since the crystallinity of a gallium nitride 
system compound semiconductor differs remarkably, a big difference appears in a radiant power output. When extreme, it is actual that the component 
which does not show luminescence at all is made. And since the electrode formed in p mold crystal and its p mold crystal of a gallium nitride system 
compound semiconductor has not carried out ohmic contact when an electrode is actually prepared and it considers as component structure, to the 
defined forward current, forward voltage (Vf) becomes high and there is a problem that luminous efficiency falls. For this reason, if the light emitting 
diode of hetero structure is not produced commercially but results in a laser component, the actual condition has not yet carried out even an 
oscillation at a gallium nitride system compound semiconductor light emitting device. 

[0006] Therefore, by offering the structure of a gallium nitride system compound semiconductor where p mold crystal and ohmic contact are acquired, 
the 1st purpose of this invention reduces Vf and is to raise luminous efficiency. Moreover, it is in the 2nd purpose raising the radiant power output of 
a light emitting device by offering the structure of the light emitting device of new double hetero structure using the gallium nitride system compound 
semiconductor. 
[0007] 

[Means for Solving the Problem] By forming an electrode in p mold gallium nitride which carried out the laminating on specific p mold gallium nitride 
system compound semiconductor, ohmic contact in an electrode and p mold gallium nitride layer was acquired, and we newly found out that luminous 
efficiency improved. By making the light emitting device using the p mold gallium nitride system compound semiconductor layer into specific double 
hetero structure furthermore, and limiting the class of gallium nitride system compound semiconductor which constitutes double hetero structure, the 
component which carried out the laminating of the gallium nitride system compound semiconductor which was most excellent in crystallinity was 
obtained, and it found out that a radiant power output improved. Namely, the gallium nitride system compound semiconductor light emitting device of 
this invention In the gallium nitride system compound semiconductor light emitting device of the double hetero structure of having p-n junction As a 
layer by which an electrode should be formed on the p mold Ga1-XAIXN (however. X 0< X<0.5) cladding layer by which Mg was doped It is 
characterized by providing the p mold GaN contact layer by which Mg was doped. The light emitting device of further specific double hetero structure 
On n mold gallium nitride system compound semiconductor layer, an n mold Ga 1 - YAIYN cladding layer (however, Y 0< Y<1), It is characterized by 
carrying out the laminating of an n mold InZGa1-ZN barrier layer (however. Z 0< Z<1). said p mold Ga1-XAIXN cladding layer, and said p mold GaN 
contact layer. 

[0008] The sectional view showing the structure of the gallium nitride system compound semiconductor light emitting device of this invention is shown 
in drawing 1 Sequentially from the bottom, on a substrate 1, a buffer layer 2 and n mold gallium nitride system compound semiconductor layer 3, It 
has the structure where the laminating of the n mold Ga1 -YAIYN cladding layer 4 (0< Y<1), the n mold InZGa1-ZN (0< Z<1) barrier layer 5, the Mg 
dope p mold Ga1-XAIXN (0< X<0.5) cladding layer 6. and the Mg dope p mold GaN contact layer 7 was carried out to order. In addition, the electrode 
with which 8 was prepared in the Mg dope p mold GaN contact layer 7. and 9 are the electrodes prepared in n mold gallium nitride system compound 
semiconductor layer 3. Sapphire. ZnO. SiC, Si. etc. are used for a substrate 1. AIN, GaN. GaAIN. etc. are used for a buffer layer 2. 
[0009] In the above and a gallium nitride system compound semiconductor light emitting device, especially the class of n mold gallium nitride system 
compound semiconductor layer 3 does not have what is limited, and the layer which grew as n mold dopants, such as Si. germanium. Te. and Se. were 
doped to the gallium nitride system compound semiconductor of non dopes (additive -free), such as GaN. GaAIN. InGaN, and InAIGaN. or the gallium 
nitride system compound semiconductor of a non dope and n mold property was shown in it can be used. 

[0010] Next, the n mold Ga1 -YAIYN cladding layer 4 needs to make the presentation the gallium nitride aluminum of 3 yuan mixed crystal which does 
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not contain In. It is because the crystallinity of a cladding layer 4 will worsen and a radiant power output will decline, if the n mold Ga1-YAIYN cladding 
layer 4 is made to newly contain an indium. Moreover, by making Y value of an n mold Ga1-YAIYN cladding layer into the range of 0< Y<1 . it can act as 
an n mold cladding layer, and can consider as desirable double hetero structure. Crystalline good n mold cladding layer 4 with few lattice defects is 
obtained by making Y value or less into 0.5 still more preferably. As described above. Ga1-YAIYN of a non dope or Ga1-YAIYN which grew so that n 
mold dopant might be doped and n mold property might be shown can be used for the n mold Ga1-YAIYN cladding layer 4. 

[001 1] Next, the n mold InZGal -ZN barrier layer 5 needs to make the presentation the indium nitride gallium of 3 yuan mixed crystal which does not 
contain aluminum. Because, since a barrier layer is in the inclination which it is a luminous layer, luminescence of a deep level will appear if this 
luminous layer is made to contain aluminum, and checks luminescence between bands of InGaN, it is not desirable to use it as a barrier layer. Since 
the n mold InZGa1-ZN barrier layer 5 can transform luminescence wavelength even to red from purple by making the Z value into the range of 0< Z<1. 
it is very advantageous. As described above, an n mold InZGa1-ZN barrier layer dopes the InZGal -ZN layer or n mold dopant of a non dope, and can 
use 1-Z layer of InZGa(s) which grew so that n mold property might be shown. Moreover, the InZGal -ZN layer which grew so that p mold dopants, 
such as Mg. Zn. Cd, Be, and calcium, might be doped as an emission center and n mold property might be shown can also be used. 1-Z layer of InZGa 
(s) which grew so that n mold dopant and p mold dopant might furthermore be doped and n mold property might be shown can also be used. By doping 
these dopants and considering as n mold, the color purity of the luminescent color can be improved and a radiant power output can be raised. 
[0012] Next, the Mg dope p mold Ga1-XAIXN cladding layer 6 needs to make the presentation the gallium nitride aluminum of 3 yuan mixed crystal 
which does not contain In as well as the n mold Ga1-YAIYN cladding layer 4. It is because the crystallinity of p mold cladding layer 6 worsens by 
making an indium contain as described above, and it is hard coming to show p mold property. Moreover, it is necessary to make X value of the p mold 
Ga1-XAIXN cladding layer 6 into the range of 0< X<0.5. By making it larger than 0. it can act as a p mold cladding layer, and can consider as desirable 
double hetero structure, and crystalline good p mold cladding layer 6 with few lattice defects is obtained by making it smaller than 0.5. Conversely, 
since the crystallinity of the p mold GaN contact layer 7 which carries out a laminating to it being 0.5 or more on p mold cladding layer 6 worsened and 
the ohmic contact to the contact layer 7 and an electrode 8 was not acquired, less than 0.5 were made into the limited value. Furthermore, as for the 
thickness of this Mg dope p mold Ga1-XAIXN cladding layer 6. it is desirable to make it the range of 10A or more and 0.2 micrometers or less. If 
thinner than 10A. it will become easy to connect with the n mold InZGal -ZN barrier layer 5 which carries out a laminating too hastily electrically, and 
will be hard to act on the bottom of it as a cladding layer. Conversely, when thicker than 0.2 micrometers, it is in the inclination for a crack to become 
easy to go into a crystal and for crystallinity to worsen. Furthermore, in this p mold Ga1-XAIXN cladding layer, an important thing is having acquired p 
mold property with this Mg by setting p mold dopant to Mg. If p mold dopants, such as other p mold dopants, for example. Zn. Cd. Be. calcium, etc., are 
doped instead of this Mg. p mold property will become is hard to be acquired, and it is in the inclination for a radiant power output to decline. 
[0013] next, the duality in which the Mg dope p mold GaN contact layer 7 does not include the presentation for In and aluminum — it is necessary to. 
consider as the gallium nitride of mixed crystal It is because an electrode 8 and ohmic contact become is hard to be acquired and luminous efficiency 
falls by making an indium and aluminum contain. As for especially the thickness of the p mold GaN contact layer, it is desirable to adjust to 1 0A or 
more and 0.5 micrometers or less. If thinner than 10A, it will become easy to connect with the p mold GaAIN cladding layer 6 too hastily electrically, 
and will be hard to act as a contact layer, moreover, the duality from which a presentation differs on the GaAIN cladding layer 6 of 3 yuan mixed 
crystal — in order to carry out the laminating of the GaN contact layer of mixed crystal, when the thickness is conversely made thicker than 0.5 
micrometers, it is easy to generate the lattice defect by the misfit during a crystal in the GaN contact layer 7, and is in the inclination for crystallinity 
to fall. In addition, the thickness of the contact layer 7 can reduce Vf and can raise luminous efficiency, so that it is thin. Moreover, p mold dopant of 
this p mold GaN contact layer 7 needs to be Mg. When other p mold dopants are doped instead of Mg, it is in the inclination as for which p mold 
property becomes is hard to be acquired, and it is in the inclination for ohmic contact to be hard to be acquired. 

[0014] Moreover, annealing processing of 400 degrees C or more in which the p mold Ga1-XAIXN cladding layer 6 and a p mold GaN layer are 
indicated as a means to form low resistance further, to above-mentioned Japanese Patent Application No. No. 357046 [ three to ] may be performed. 
If annealing is performed, both p mold cladding layer and p mold contact layer can resistance-ize. and can raise a radiant power output more. 
[0015] 

[Function] By forming the Mg dope p mold GaN contact layer 7 on the Mg dope p mold Ga1-XAIXN cladding layer 6 to the double using p-n junction in*, 
the gallium nitride system compound semiconductor light emitting device of terrorism structure, and forming an electrode 8 on the GaN contact layer, 
ohmic contact is acquired and luminous efficiency improves. Although the detailed principle was unknown, as a result of our measuring the hole carrier 
concentration of those layers, the p mold Ga1-XAIXN layer was about 1016-/cm3, and the p mold GaN layer was as high as about 1017-/cm3 a single 
figure. That is, the direction which forms an electrode in the direction of a layer with large hole carrier concentration guesses that it is what ohmic 
contact is easy to be acquired from. Moreover, by forming the p mold GaN contact layer 7 from which a presentation differs on the p mold GaAIN 
cladding layer 6, it becomes easy to produce the lattice defect by misfit in a p mold GaN layer, and crystallinity falls. In order to lessen misfit, little 
direction of aluminum mixed-crystal ratio of the p mold GaAIN cladding layer 6 is good. Therefore, the crystallinity of the p mold GaN contact layer 7 
was good, and made the limited value less than 0.5 threshold value from which an electrode 8 and ohmic contact are obtained, i.e., X value. 
[0016] 

[Example] Below by metal-organic chemical vapor deposition, how to manufacture the gallium nitride system compound semiconductor light emitting 
device of this invention is stated. 

[0017] After arranging [example 1] silicon on sapphire 1 in a reaction container and cleaning silicon on sapphire 1, growth temperature is set to 510 
degrees C. hydrogen is used as carrier gas. ammonia and TMG (trimethylgallium) are used as material gas, and the GaN buffer layer 2 is grown up by 
about 200A thickness on silicon on sapphire. 

[0018] Only TMG is stopped after buffer layer 2 growth, and temperature is raised to 1030 degrees C. If it becomes 1030 degrees C, similarly, TMG 
and ammonia gas will be used for material gas, silane gas will be used for dopant gas, and 4 micrometers of n mold GaN layers 3 which doped Si will be 
grown up. 

[0019] Material gas and dopant gas are made as a stop after n mold GaN layer 3 growth, temperature is made into 800 degrees C, and a 0.15- 
micrometer Si dope Ga0.86aluminum0.14N layer is grown up as an n mold cladding layer 4 as material gas, using silane gas as TMG, TMA 
(trimethylaluminum), ammonia, and dopant gas. 

[0020] Next, material gas and dopant gas are made as a stop, temperature is made into 800 degrees C. carrier gas is changed to nitrogen, and a 100A 
Si dope In0.01Ga0.99N layer is grown up as an n mold barrier layer 5 as material gas, using silane gas as TMG, TMI (trimethylindium). ammonia, and 
dopant gas. 

[0021] Next, material gas and dopant gas grow up a stop and the 0.15-micrometer p mold GaO.86aluminumO.14N layer which doped Mg as a p mold 
cladding layer 6, using Cp2Mg (magnesium cyclopentadienyl) as TMG. TMA. and ammonia and dopant gas as material gas by raising temperature to 
1020 degrees C again. 

[0022] Next, only TMA is stopped and 0.4 micrometers of Mg dope p mold GaN layers are grown up as a p mold contact layer 7. 
[0023] A substrate is picked out from a reaction container after growth, annealing equipment performs the inside of nitrogen-gas-atmosphere mind, 
annealing is performed for 20 minutes at 700 degrees C. and a p mold Ga0.86aluminum0.14N layer and a p mold GaN contact layer are further formed 
into low resistance. 
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[0024] The wafer obtained as mentioned above is etched as shown in drawing 1 , the n mold GaN layer 3 is exposed, the electrode 8 which becomes 
the p mold GaN contact layer 7 from Au. and the electrode 9 which becomes the n mold GaN layer 3 from aluminum are formed, annealing is again 
performed at 500 degrees C, and an electrode and a gallium nitride system compound semiconductor are familiarized. After cutting the rest into the 
chip of 500-micrometer angle according to a conventional method, when it considered as light emitting diode, in 20mA of forward current, as for Vf, 5V 
and the luminescence wavelength of 370nm showed the property which was excellent in the radiant power output with 700 microwatts and 0.7% of 
luminous efficiency. 

[0025] In the [example 2] example 1. when thickness of a Mg dope p mold GaN contact layer was set to 0.1 micrometers and also light emitting diode 
was obtained like the example 1, although luminescence wavelength and a radiant power output were the same in 20mA of forward current, Vf fell 
even in 4V and luminous efficiency improved with 0.88%. 

[0026] In the [example 2] example 1, when thickness of a p mold Mg dope p mold GaN contact layer was set to 0.1 micrometers and also light emitting 
diode was obtained like the example 1. although luminescence wavelength and a radiant power output were the same in 20mA of forward current Vf 
fell even in 4V and luminous efficiency improved with 0.88%. 

[0027] in the [example 3] example 1 , when made [ many ] the flow rate of TMA, and aluminum mixed-crystal ratio of p mold cladding layer 6 was set 
to GaO.55aluminumO.45N and also light emitting diode is obtained similarly, as for Vf, 6V and ohmic contact are acquired in 20mA of forward current — 
threshold value was shown mostly, luminescence wavelength was the same, and radiant power outputs were 400 microwatts and 0.2% of luminous 
efficiency. 

[0028] In the [example 4] example 1. when n mold cladding layer 4 was not grown up and also light emitting diode was obtained like the example 1, 
although Vf was 5V. in 20mA of forward current, radiant power outputs were 200 microwatts and 0.2% of luminous efficiency. 

[0029] In the [example 1 of comparison] example 1. when made [ many ] the flow rate of TMA, and aluminum mixed-crystal ratio of p mold cladding 
layer 6 was set to Ga0.5aluminum0.5N and also light emitting diode was obtained similarly, in 20mA of forward current, Vf went up even to 30V and it 
was checked that ohmic contact is not acquired. Since this component had large Vf. it stopped in addition, emitting light immediately. 
[0030] Since it went up even to 30V and ohmic contact was not acquired. Vf stopped emitting light immediately like the example 1 of a comparison in 
20mA of forward current in the [example 2 of comparison] example 1. when did not form p mold contact layer 7, the direct electrode was formed in p 
mold cladding layer 6 and also light emitting diode is obtained similarly. 

[0031] Shortly after passing 20mA of forward current, it stopped emitting light in the [example 3 of comparison] example 1. when newly add TMI to 
material gas. change carrier gas to nitrogen, make growth temperature into 800 degrees C, and the Mg dope p mold InO.01aluminumO.14GaO.85N 
cladding layer was grown up, when growing up p mold cladding layer 6, and also light emitting diode is obtained similarly. 
[0032] 

[Effect of the Invention] As explained above, since the gallium nitride system compound semiconductor light emitting device of this invention 
possesses the p mold GaN layer as a contact layer on a p mold GaAIN cladding layer, Vf can use it as the component which was low excellent in 
luminous efficiency. And by limiting aluminum mixed-crystal ratio of a p mold GaAIN layer, said p mold cladding layer excellent in crystallinity and said 
p mold contact layer could be obtained, and it has contributed to Vf fall greatly. 

[0033] Furthermore, by carrying out the laminating of n mold gallium nitride system compound semiconductor layer, an n mold GaAIN cladding layer, 
and the n mold InGaN layer, and carrying out the laminating of said p mold GaAIN cladding layer and said p mold GaN contact layer, the light emitting 
device excellent in a radiant power output and luminous efficiency can be realized, and the utility value on the industry is large as a hint of the 
structure of a laser component which is not yet realized a ** sake. 
[0034] 



[Translation done.] 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The type section Fig. showing the structure of the light emitting device concerning one example of this invention. 
[Description of Notations] 
1 Silicon on Sapphire 

2 GaN Buffer Layer 

3 N Mold Gallium Nitride System Compound Semiconductor Layer 

4 N Mold Ga1-YAIYN Cladding Layer 

5 N Mold InZGa1-ZN Barrier Layer 

6 P Mold Ga1-XAIXN Cladding Layer 

7 P Mold GaN Contact Layer 

8 Nine ... Electrode 



[Translation done.] 
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!&H¥6- 2 6 8 2 5 9 



4 



AhN^77Hl (lb, YteO<Y<l) nil 
mGa.-iN^i «SU ZteO<Z<l) ^IBp 
SGai-iAliN^7'/FIt, ^ISpiGaNn>^ 

[0 0 0 8] ^B^O^b^U^A^ik:^^^^ 

«r¥$#I3^ niGai-iAhN^7^HI4 (0 
<Y<1) nSIIniGai-iN (0<Z<1) 
5 <h. MgH-ypiGai-iAliN (0<X<0. Jf^ 
5) ^7^Hi6t> MgH-ypIGaN3>^^h 
® 7 ii^JJliC^^n^^^-r^o 8teMg 

«rt$>^o mwii\z\t^yr-fy^ zno, sic, s 

i^^ffl^n^> tt GaN, 
GaAl N^Sffi$n^)p 

[0009] ^15, ^txvv^&it&M^m&fzytm 

mte&\Z$LJ£TZ>h<Dte<. GaN, GaAIN, In 20 
GaN, I n A 1 G a / > H— ^ («SSSJD) OS 

Utf A*{fc^«¥3S*£, WittfSi, Ge, Te, S 
e§©nlH-/OhSH"-^l/TnIfttt€:it«fc5 

[0010] n^Gai-iAhN^77Fi4 

7JV$^^Ai:t^^TO^ fcl£&6, n^Ga 
i • y a 1 1 n ^ 7 7 HH4 fcK&lc-f A 
Si, ^7*; Hli4O»JMt3WB<*0. JBttBfcjME 30 
TtS^6T»S. nIGai-yAhN^77H 
JiCDYM£0<Y<lCD$SKiT£C£tCckO, n§^7 

5 C t fc«fc 0 ft^KBfl^te < «»tt<0£ ^ nl^77 
FJB 4 nSGai.TAhN^77Hl4C 
te, aWEL&.fc'SK:. / > H — ^(OC ar-r A 1 1 N, * 

jSfibfcG ai-yAliNOV^uWTfS. 

[0 0 11] nglniGa.-iNgttiSli ^ 40 

(Dm&ZA 1 ^^^V^=7cSSOS<b-f >>^A#U 

«tl. I nGaNflDA^HIBIB^SiaaFrSWlflHC** 
I niGai-iNSttJlStt. ^Zt^ 0<Z<lOl5S 

iGai-iNSttlll WEbfc«kd^ />H-^I 
mGat-iNM. tfcttnBH-/^>htH-^l/Tn 50 



atttt%^TJ:9lwdSAU^ I nz G ai-i JB*««fflT# 
*. MWtlTMg, Zn, Cd, Be, C 

KjaSfiLfc I n z G a ! - 1 N»£fiSfflTSC£:fcT#*. 

UTnS!1*tt^"r"J:dJCfiicfiUfc I n2Ga.-ilt)f 

[0012] MgH-^pSGai-iAhN^7 
n!Gat-iAhN>77Hi4i:HC 
<, ^<DMf££I n£*£fcV>=7G«»0>SMb2PJ9A 

^ IC-T >i^A£^£U£C<hic£D, pS^^yH 
« 6 ^0. p^#tt€:^b 

e>T$>£. pSGai-i A hN^77 F»6 0>X 

«tt0<x<0. 5 0<fcD;*: 

L^yyj^T-aiBjBfcT^Jit^Te^ o. 5*0* 
K@6^#e»n^o ajtco. 5K±T*«t. p 

S!*^y H»6<7)±lC«Jl-rSpa!GaNii>^^ hii 

-5y*»«##&nfc:Wfca6. 0. 5^«&IBfi«t 
L/to b&C, COMB H — ^pfflGai-i A liN 

0. 2 /xm^TcD*SgRicT^Ct^^b^ 10t> 

Gai'-iNSttJB5tm«WJr«3Bb^-r<a:D, ^ 
V FJifcUTfWHUfcK 3SJC0. 2 jtim^Dt)*^ 
^ y *#XD < fc 0 
~£*>\Z, Z.CD pS!G ai-iA 1 iN^7y FJS 

COMgK:£0 pf»ttS»W5^«»5. COM 
gO^t)0tCfaOpSlH— /^>h, 0!l*.«Zn. Cd, 
Be, Ca*(Z)pSH-^>hS:H-^t5tpa»tt 

[00 13] &\Z, MgH-7'pfGaN3>5'^M 
7 ft In, Al £$*fcv>-7c»ft<0Sfl: 

;i^-£A£^^$i*-£££K:«fc9, m&8£:t— 5y 

4*tc, -t©pSiGaN3>^^ hW^KJPttl 0 
rj-^XFn— AKJt. 0. 5 /imRTCIKtSCfc 
fttflFSLt*. l QHr>97* hn— AJ:Dt>»v^» pS! 
G a A 1N^77 HS6 £««Wfc«»U*T< ft0. 

a A 1 H9*7V HB6 0O±JC, afiJtOSfeS— 5cfifli© 
GaNn^^M^mW, 2!fc*<DBt»£ 
0. 5/im<fc»3t>j?<r«>i:. 3BfiW05X7W V h\Z 



—465— 
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5 

J;^WGaN3>^^ hm 7 ^d^L^T 

[0014] £fz, piGai-iAhN^777^6, 
plGaNlfiS6l:fifii(MtmStl/T, ±EL 20 
fc«MB¥3 - 3 5 7 0 4 6-^(r|g^f 54 0 0<C£JLhc£> 

[0 0 15] 

SGa..iAliN^7yHB60.hl:, MgH-^pS 
GaNa>^^M7«U ^©GaNa^^h 

pIGai^AUNi^miO^/c^T® 
0. P^GaN/f ii43£^l 0 1 7 /cm 3 <h — ffiK^o 

^^t8*t5. ^fc. piGaAlN^77Hl6© 

CchH^O, piGaNif:^X7^7Mi ( t;^^ 

&'J>fr<-f2>\Zte* pIGaAlN^77HI6CAl 
!Bllifcli^ftV^39«J;^. lot, piGaN3>^^ 

^ft^n^RIWi, BP'S, XtO. 5*»SRgtttL 
&. 
[0 0 16] 

[0017] mmm i] if^r< 78«i ^s^sg 

dcgia££5 1 OTCK-fey hU ^t'J7^(hl 
T*^ I^XtLT7> ; E-7tTMG (MJ;*? 1 
;U#U9A) tSffl^. ^77<71fill:GaNAy 

[0 0 18] Ay7 7fl2«gg, TMG<7>*ik*T, 
M5:1 0 3 01C^T±#$t5o 1 0 3 0r(:^t)?c 
5, ^i;<^XHTMGi:7> ; e-7^ A 



4*HW6- 2 6 8 2 5 9 

5 

[0 0 19] niGaN!3« HCWtfX, K-^ 
>h#X£ih£K M£8 0 OTCfCLT* 
TTMG tTMA ( h U ^^7^5=»>A) £7>^E 

77H®4tLTS i H-^G a 0.86 A 1 0.14N/^£ 
0. 15 /xm^$ii:S. 

[0020] &\z. mnuT^ hwi>h#x£itae>, 

A, Iff^XtbTTMGiiTMI (hU^fM>y 
OA) <b7>^-7> K-A>h^XtLTy7>^ 
SrfflVV niSttfStLTS 3 h*-^ I nO.OlGaO. 
99NJi£ 1 0 0 *>#7, h D— AjeSgS^S. 
[0 0 2 1] ^(r, JS»#X, K-A<>h;tfX£±a&, 

MGt, TMAt, 7>^-7, F-/^> h# X LT 
Cp2Mg (^^D^>^yX-JW^v»>A) <h £ 
ffl^, vMZr^y F/g 6 «hUT, Mg^H-^lfepS 
Ga0.86A10.14NJf£0. 1 5 Mm^t5 s 
[0 0 2 2] TMACDSwfc&T, vMzi>$r?b 

m7tVX, MgK-^piGaNKO. 4/imj£ft 

[0 0 2 3] jsfi*a, S«£KJfr&gfr€iSlDttiU 7 
=-U>y8Bl:T**8B»fr 7 0 0tT'2 0M 
7--U>^^ffV^ p^G a0.86A 10. 14N@, pffi 

[0 0 2 4] EU:<BJfc5lCbT»&tt&^XA— £01 
\Z7R-?£o\zx.y^>trLT. n^GaNJf 3 £^£B£ 
piGaN3>^^hfi7l:|j:Auirjfe5«a 
8> n S!G a NB 3 i:liA 1 «fc 0 ^5tS 9 SKtt, 5 

*t^¥«#<h£ftU£i*-£. gas; tfel:»5 0 0 

££5> JiS^^]m^2 OmAiC&^T, Vftt5V, ^ 
7fcKfi3 7 0 nniTS!3ta^tt7 0 0 /iW, 5g}££i* 
0. 7%£Snfc^te£^Lf c<( 

[0 0 2 5] [*»ef||2] *»WUC*5^T, MgH- 
7'piGaN3>^^hl0if^O. 1 Mml:f5| 
ttftlBtt 1 tBSl: UT^^ H £f§)fc t C 

0. 8 8%^±Uc. 

[0 0 2 6] KS«2] £»0U fcfcV^T. p^lMg 
H-7 P pieiGaN=l>^/7 hm<D%km&0. 1 um\ZT 

[0 0 2 7] [HSSOT3] SMSffllKfc^T* TMAO 
M^<IT, pi^7y KS6 0DA 1 jBfltbfcGa 
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o. 55 a i o. 45N t.?z>m*. mm\z \s-cmt#<i H 

Zntct^Z* MJjfamiM2 OmA^43ViT, Vf\$6 

&yt&&\$®-'v, &?tmti\Z4 o o ^w, &yt®m 

0. 2%-e$>ofCo 

[0 0 2 8] [mifcM4] ^JS^J1^*5^T> n^7 

^0. 2 %T^o7to 10 

[0 0 2 9] [J±«0|1] S6««lfC^T. TMA(D 
^I^<LT, piy^y HS 6 CD A l*g,HJ££Ga 
0.5 A 1 0.5NfcT*«&tt, l^«tLTM^t-H£ 
lg*^m^2 OmAC^^T, VfH30 

[0 0 3 0] [Jfc««2] ^JBfiajltCfe^T, Pl3> 

[0 0 3 1] [JfcR0!I3] XlKMl d*5^T, p^^^ 

•CtCbTMg H— ypgl I nO.OlA 1 0.14G a0.85N£ 

MH*ffiI«flS2 OmAjS«-ri:-r<"^*5KL 
UKU-oTcc 30 



*$&I¥6-2 6 8 2 5 9 

[0 0 3 2] 

mm^mi H±RBUfcJ:5i:, *5MlicD»fb#ij 

TV**fci&; Vf)Wifi<»JlS»*lZflinfc* : Pir-5 2: 
£#T#<5„ La>fcpS!Ga A 1 NSCDA 1 jgftJfcSIB 

[0 0 3 3] SSt;:, niaftflU^^g^^ 
Jl> niGaAlN^77h'l, nllnGaNMi 
J1U W«2plBGaAlN^7yHS, BufS piGaN 

[0 0 3 4] 

2 GaNVVy7rB 

3 nMfcjtfU */*£fc£ft¥iJM«B 

4 niGai- T AhX^77Hl 

5 nllmG ai-zN-f§ftH 

6 pfGai-iA liN^7yHl 

7 pUGaN:3>*£ 

8, 9 • • - ma 



[HI] 
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